Normal values of intraocular pressure in full-term Nigerian newborns  by Olatunji, Victoria Ayodeji et al.
Saudi Journal of Ophthalmology (2016) 30, 185–188Original articleNormal values of intraocular pressure in full-term Nigerian
newbornsPeer review under responsibility
of Saudi Ophthalmological Society,
King Saud University Production and hosting by Elsevier
Access this article onlin
www.saudiophthaljourn
www.sciencedirect.com
Received 25 November 2014; received in revised form 14 May 2016; accepted 12 July 2016; available online 19 July 2016.
a Department of Ophthalmology, University of Ilorin Teaching Hospital, Ilorin, Nigeria
b Department of Ophthalmology, University of Ilorin, Ilorin, Nigeria
c Department of Paediatrics and Child Health, University of Ilorin Teaching Hospital, Ilorin, Nigeria
d Department of Paediatrics and Child Health, University of Ilorin, Ilorin, Nigeria
⇑ Corresponding author at: Department of Ophthalmology, University of Ilorin Teaching Hospital, P.M.B. 1515, Ilorin, Nigeria.
e-mail address: ayotunji03@yahoo.co.in (V.A. Olatunji).Victoria Ayodeji Olatunji a,⇑; Dupe Ademola-Popoola a,b; Feyi Grace Adepoju a,b; Omotayo Olukemi Adesiyun c,dAbstractPurpose: To determine the normative range of intraocular pressure (IOP) in full-term newborns and possible association with birth
parameters during the first week of life.
Methods: This was an observational cross sectional study in which IOP was measured in 1000 eyes of 500 normal full-term new-
borns using the Perkins applanation tonometer under topical anesthesia. An average of three readings was taken as the IOP value.
The relationship between IOP and birth parameters was analyzed.
Results: The male to female ratio was 1:1 with 254 (50.8%) male and 246 (49.2%) female babies. The (mean ± SD) value of IOP in
the right eyes was 11.93 ± 1.80 mmHg, ranging between 9.00 and 16 mmHg. In the left eyes, the mean value of IOP was
11.84 ± 1.77 mmHg with a range of 8.00–15.00 mmHg. IOP in males (12.02 ± 1.84 mmHg) was not significantly different from that
in females (11.89 ± 1.75 mmHg). There was no significant difference between right and left eyes (p = 0.42). The 95% range
(mean ± 2 SD) was 15.53 mmHg for the right eye and 15.38 mmHg for the left. Correlational analysis showed that birth weight
and gestational age were positively correlated with IOP.
Conclusion: This study provides useful normative data on IOP among Nigerian full-term newborns. Further studies on possible eth-
nic/geographic variations of IOP in children may be beneficial.
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The diagnosis of congenital/pediatric glaucoma is usually
clinically obvious from the characteristic symptoms/signs of
tearing, photophobia, blepharospasm, corneal haze or
enlargement, optic nerve changes and raised intraocular
pressure (IOP). Tonometry is of great importance in the man-
agement of these patients which is basically aimed at lower-ing the IOP.1 It is an important tool in early diagnosis and
monitoring of this significant cause of childhood blindness.
From previous studies, varying values of IOP have been
reported in newborns using different instruments. Radtke
and Cohan2 documented a mean value of 11.4 ± 2.4 mmHg
in newborns. A Korean3 study among newborns on the sec-
ond day of life found a mean value of 13 ± 3.4 mmHg with
tonopen while Reddy and Rosnita4 reported a higher mean
IOP value of 15.99 ± 2.79 mmHg also using the Tonopen ine:
al.com
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observed a mean much lower IOP value of 9.59 ± 2.3 mmHg
also at birth.
In spite of this variability, data on normative values of IOP
in African, Nigerian children and newborns in particular are
not well-documented. Presently, the values used for African
children are those obtained from Caucasians; hence, the pre-
sent study was carried out to determine normal values of IOP
in Nigerian newborns.Materials and methods
This observational cross-sectional study was carried out
between August and October 2011 in a University teaching
hospital in the north central geopolitical zone of Nigeria.
Healthy full-term neonates born in the hospital within the
study period were enrolled into the study. Ethical approval
was obtained from the ethical review committee of the
Hospital and informed consent was taken from all mothers.
A total of 500 consecutive babies of consenting mothers
had IOP measurement in both eyes. All newborns included
were products of full-term normal (37–42 weeks of gestation)
pregnancies, and had no ocular or systemic congenital
anomalies. Exclusion criteria were uncertain gestational
age, products of multiple pregnancy, history of antenatal
conditions likely to cause intrauterine growth retardation
and stillbirth. Some babies were also excluded due to small
palpebral fissures interfering with IOP measurement. Neo-
nates were certified healthy by a pediatrician before enroll-
ment into the study.
Intraocular pressure was measured in 1000 eyes of 500
newborns under topical anesthesia within the first week of life
while subjects were still in the postnatal wards. Amethocaine
hydrochloride eyedrops (0.5%) and sodium fluorescein dye
(0.25%) were instilled and measurements were taken with
the Perkins handheld applanation tonometer (Clement-
Clarke, Inc., Columbus, OH). Measurements were made
when the babies were quiet and put up no resistance. Three
readings were taken from each eye and an average of the
readings was taken as the IOP. Povidone iodine drops (5%)
were instilled into both eyes after the measurements.
Eyelid speculum was not used but the eyelids were gently
partedwith the examiner’s index finger and thumb taking care
not toputpressureon theglobe.Allmeasurementswere taken
by one of the authors (VAO; an Ophthalmologist) between
10 am and 1 pm in order to maintain standardization.Table 1. Birth parameters.
Total
Number 500
Mean ± SD (range)
Post natal age (h) 47.1 ± 4.9
(1.0–156.0)
Gestational age (day) 271.3 ± 10.8
(259.0–294.0)
Birth weight (kg) 3.06 ± 0.4
(2.2-4.5)
Length (cm) 50.7 ± 6.1
(42.0–62.0)
Head circumference (cm) 34.1 ± 1.8
(31.0–38.0)Anthropometric measurements (birth weight, head cir-
cumference, baby length) were taken by trained staff within
the first hour of life. Postnatal age and gender were also
recorded. Gestational age was estimated from the last men-
strual period and recorded in days.
Statistical analysis: Analysis of data was performed with
SPSS (Statistical Package for Social Sciences) version 16.
Mean, standard deviation, median and range were calcu-
lated. Differences between data sample means were deter-
mined using Student’s t-test. To analyze the association
between IOP and birth parameters, Pearson’s correlation
coefficients were calculated. P value of less than 0.05 was
considered statistically significant.Results
All the patients were Nigerians. Majority (84%) of them
belonged to the ‘Yoruba’ ethnicity, a major ethnic group in
the country. Out of the 500 babies examined, there were
254 (50.8%) males and 246 (49.2%) females, with male to
female ratio being 1:1. Table 1 shows the mean gestational
age, mean birth weight and other parameters. There was
no significant gender difference in these parameters.
The IOP in the right eye ranged from 9.00 to 16.00 mmHg
with a mean of 11.93 ± 1.80 mmHg while in the left eye, IOP
ranged from 8.00 to 15.00 mmHg with a mean value of
11.84 ± 1.77 mmHg. A comparison of the right and left eye
values showed that there was no statistically significant differ-
ence between the two eyes (p = 0.42). Figs. 1 and 2 show the
distribution of IOP in the right and left eyes. IOP was similar
between the genders, showing no statistically significant dif-
ference (Table 2).
The correlation coefficient of IOP with birth weight was
0.45 (p < 0.001), while for gestational age it was 0.31
(p < 0.001). Other birth parameters showed no significant
correlation with IOP. Table 3 depicts that babies with birth
weight above 3.5 kg had significantly (p < 0.05) higher IOP
in either eye than babies with low or normal birth weight.Discussion
Our study evaluated IOP among a large group of healthy
full-term newborns. The mean IOP as found among full-term
newborns in this study was 11.93 ± 1.80 mmHg in the right
eye and 11.84 ± 1.77 mmHg in the left eye with a range of
8–16 mmHg.Males Females p value
254 (50.8%) 246 (49.2%)
52.7 ± 4.9
(1.0–156.0)
42.6 ± 4.7
(1.0–156.0)
0.06
271.3 ± 10.9
(259.0–294.0)
270.8 ± 10.6
(259.0–294.0)
0.35
2.98 ± 0.4
(2.2-4.0)
3.12 ± 0.5
(2.3–4.5)
0.07
51.2 ± 5.9
(42.0–62.0)
50.2 ± 6.2
(44.0–62.0)
0.06
34.4 ± 1.9
(31.0–38.0)
34.2 ± 1.6
(31.0–38.0)
0.96
Figure 1. Frequency distribution of intraocular pressure in the right eyes (IOPR; mmHg).
Figure 2. Frequency distribution of intraocular pressure in the left eyes (IOPL; mmHg).
Table 2. Intraocular pressure by gender.
Right eye (n = 500) Left eye (n = 500)
Male (n = 254) Female (n = 246) p value Male (n = 254) Female (n = 246) p value
Mean 12.02 11.89 0.16 11.90 11.79 0.70
SD 1.84 1.75 1.75 1.79
Range 9.00–15.00 9.00–16.00 8.00–15.00 8.00–15.00
Normal values of intraocular pressure in Nigerian newborns 187Radtke and Cohan2 previously documented a mean value
of 11.4 ± 2.4 mmHg in newborns which is similar to our result.
A Korean3 study among newborns on the second day of lifefound a mean value of 13 ± 3.4 mmHg while Pensiero et al.,5
observed a mean IOP of 9.59 ± 2.3 mmHg at birth. However,
some reports from other parts of the world are not in
Table 3. Birth weight and IOP.
Birth weight IOPR IOPL
<2.5 kg
N 24 24
Mean 12.00 11.73
SD 0.92 1.08
Range 10.00–14.00 8.00–13.00
2.5–3.5 kg
N 416 416
Mean 11.94 11.92
SD 1.78 1.71
Range 9.00–16.00 9.00–15.00
>3.5 kg
N 60 60
Mean 12.95# 13.01#
SD 1.77 1.96
Range 10.00–16.00 10.00–15.00
N: sample size, SD: standard deviation.
# p < 0.05 compared with < 2.5 kg and 2.5–3.5 kg groups.
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value of 15.99 ± 2.79 mmHg with a range of 8–22 mmHg
using the Tonopen in a group of 150 Malaysian newborns.
A higher mean value was also found among a cohort of 33
Caucasian newborns.6 Some of these differences may proba-
bly be attributed to variation in the instruments used, use of
lid speculum, and possibly ethnic variation. Overestimation of
IOP when greater than 16 mmHg in children with congenital
glaucoma was reported previously.7,8 However, Iester et al.,
did not find any significant difference in the instruments.9
Lower IOP values have also been reported from other
studies.10,11
We did not find any statistically significant difference in
IOP between the genders or either eye. Similarly previous
studies have reported an insignificant relationship.5,11,12
In full-term newborns, within the first two weeks of life,
studies from Italy reported a mean value of 17 ± 2.6 mmHg
with a range of 12–22 mmHg.6 A range of 8–22 and mean
of 15.99 ± 2.79 mmHg was documented in full-term Asian
newborns.4 The result of the current study suggests that a
range of IOP between 8 and 16 mmHg is normal among
Nigerian full-term newborns in the first week of life. A geo-
graphical or racial approach for defining the normal IOP
range in newborns may therefore be adopted based on the
variation in different studies.
Analysis in the present study indicates that IOP within the
first week of life showed a moderate positive correlation with
birth weight while gestational age showed a weak correla-
tion. In accordance with this, other authors have also
reported weak or non-significant correlation of intraocular
pressure with birth weight.13,14 In contrast to our findings,
Ng and colleagues15 found a strong negative association
between intraocular pressure and birth weight in a longitudi-
nal study. The result from the longitudinal study may be more
conclusive compared to cross sectional studies.
Perkins handheld tonometer was employed for IOP mea-
surement in the current study since it is more readily available
and affordable. Furthermore, it is well-correlated with and
uses the same principle as the Goldmann tonometer which
is the gold standard.16 In order to minimize the error in IOP
measurement in babies with small interpalpebral fissure,IOP can be taken with tonopen and the average value of
two readings can be taken as the IOP.
We did not use lid speculum in measuring the IOP in the
present study as it is known that it contributes to measure-
ment variability. Epley et al., previously reported that lid
speculum increases IOP by an average of 4 mmHg.17 We
avoided the error of falsely raised IOP by lightly resting the
parting fingers on the patients’ orbital rim and excluding
those in which this was cumbersome because of small inter-
palpebral fissures.
This study has contributed to the existing data on IOP in
full-term newborns and to the best of our knowledge is the
first of such on Nigerian children. It will enhance the practice
of pediatric ophthalmology in Africa. Further studies on dif-
ferent ethnic populations and age groups in children are nec-
essary to establish normative IOP data.
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